Dual X-ray laser (DXL) heel measurements of bone mineral density (BMD) and dual energy X-ray absorptiometry (DEXA) total hip and lumbar spine BMD measurements were compared for their ability to detect osteoporosis and osteopenia according to World Health Organization criteria. The study included 164 women aged 40 -83 years. DXL heel measurements were recorded for all patients and 89 of the women underwent DEXA. For DXL heel measurements/DEXA lumbar spine measurements, the relative sensitivity was 50%, relative specificity was 97% and relative reliability (Kappa score) was 0.55 for osteoporosis detection. For detecting osteoporosis or osteopenia, the relative sensitivity increased to 86% but the relative specificity reduced to 38% and the relative reliability was considerably lower (Kappa score 0.21). Although previous studies have shown DXL heel measurement to be a good technique in the diagnosis and assessment of osteoporosis based on BMD, particularly for fast, cost-effective bone scanning, we suggest that there are currently insufficient data to prove its use as a standard measurement technique for BMD.
Introduction
Osteoporosis especially affects postmenopausal women and presents clinically as bone fractures. Its detection is important because, once it has been diagnosed, patients can then be given treatment and advice that will help to minimize their risk of bone fracture and, therefore therapy costs. Estimating bone mineral density (BMD) at high-risk fracture sites, such as the hip, spine and forearm, is used in diagnosing osteoporosis, with dual energy X-ray absorptiometry (DEXA) being the current method of choice. 1 Estimating BMD at peripheral sites, such as the heel bone, can also provide an accurate diagnosis of osteoporosis and have a shorter scan time. 1 -3 The dual X-ray laser (DXL) technique for assessing BMD uses a laser and two types of X-ray energy to measure the thickness of three different tissue components, bone, lean soft tissue and adipose tissue, in the heel bone area. 1, 4, 5 Estimating BMD by the DEXA technique can have a 10 -20% AE Yumru, M Bozkurt, HE Aksoy et al.
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variation because this technique does not measure adipose tissue separately. 6, 7 On the other hand, the DXL technique can provide more accurate results because adipose tissue thickness is measured separately and because there is little variation in adipose tissue thickness at the heel. 5 The DXL technique is also faster to perform than DEXA (< 55 s compared with 8 -10 min, respectively) 8 and uses smaller, portable and cheaper instruments. Both techniques use negligible X-ray radiation doses, the DXL technique using the least (< 0.1 µSv/ scan).
The aim of estimating BMD is to determine the risk of fracture so that the patient can be managed appropriately to reduce their risk. Similar estimations of fracture risk can be achieved by comparing DXL heel bone measurements with DEXA hip and spine measurements. 9, 10 For estimating the risk of spinal fracture, DXL heel bone measurement is more reliable than DEXA hip and forearm measurements. 10, 11 In the present study, BMD was estimated in the heel bone using the DXL technique and in the lumbar spine and hip using the DEXA technique. The accuracy of the two techniques to detect osteoporosis based on World Health Organization (WHO) cut-off values was then compared. 12 
Patients and methods

PATIENT POPULATION
BMD MEASUREMENTS
Technicians made and recorded heel measurements using the DXL (DXL Calscan; Demetech AB, Stockholm, Sweden) technique, according to the manufacturer's instructions. Lumbar spine and total hip measurements were made using the DEXA (Lunar Co., Madison, WI, USA) technique, 13 with reference to the manufacturers' reference data for BMD estimations at the various locations. Measurements using the DXL technique were made with the patient in the sitting position and the DEXA measurements were made with the patient in the supine position. The BMD data were expressed as the number of SDs above or below the mean BMD expected for a healthy non-menopausal female (T-score).
STATISTICAL ANALYSIS
The data were analysed by using the Pearson's correlation coefficient, and calculation of relative sensitivity, specificity and reliability (Kappa score) between the methods. Statistical analyses were carried out using SPSS ® version 10.0 (SPSS Inc., Chicago, IL, USA) and Microsoft ® Excel (Microsoft, Redmond, WA, USA) software. It was assumed that some women would be lost from the study, but setting the power of the study at 90%, the significance level at 5%, and the level of osteoporosis in the population at 10%, it was calculated that a minimum of 82 patients were required.
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A total of 164 women (mean age ± SD 52.37 ± 8.60 years) were included in the study and underwent heel measurement using the DXL technique. Of these women, 89 also underwent total hip and lumbar spine measurements using the DEXA technique (75 patients did not make appointments for DEXA measurement so were lost from this part of the study). The data from the 89 women on whom DEXA measurements were made were used for statistical analysis, and this number was greater than the minimum of 82 patients that were required for the study according to the statistical power calculation.
Age-related variations in the T-score measurements are shown in Fig. 1 . The mean DXL heel T-score was consistently lower than the DEXA total hip and lumbar spine Tscores, the difference being approximately 0.6 -0.8 SDs which was particularly evident in the younger women (< 50 years) (P < 0.05).
The correlations between DXL heel, DEXA lumbar spine and DEXA total hip measurements are shown in Table 1 . Pearson's correlation coefficient confirmed an acceptable correlation of 0.63 between the DXL heel and DEXA lumbar spine measurements, but the correlation between the DXL heel and DEXA total hip measurements was lower (0.48). The DEXA lumbar spine and DEXA total hip measurements showed a Pearson's correlation coefficient of 0.66 which was similar to that between the DXL heel and DEXA lumbar spine measurements. All correlations were statistically significant (P < 0.01).
Assuming that the WHO criteria 12 provide a correct diagnosis of osteoporosis and osteopenia, Table 2 shows the relative sensitivity, specificity and reliability (Kappa score) results for the BMD assessment techniques. When comparing the relative ability of the DXL heel measurements versus the DEXA lumbar spine measurements to detect osteoporosis, 50% relative sensitivity, 97% relative specificity and a Kappa score of 0.55 were demonstrated When the relative ability (DXL heel measurements/DEXA FIGURE 1: Age-related variations in T-scores for dual X-ray laser (DXL) heel measurements and dual energy X-ray absorptiometry (DEXA) lumbar spine and total hip measurements in women (n = 89) (*P < 0.05 vs DEXA lumbar spine and total hip) DEXA total hip Comparison of two bone densitometry techniques lumbar spine measurements) to identify osteoporosis or osteopenia were considered, the relative sensitivity increased to 86%, but the relative specificity decreased considerably to 38% and relative reliability was also considerably lower, as shown by a Kappa score of 0.21. By using a modification of the WHO criteria 12 from a cut-off of -1 SDs to a cut-off of -1.5 SDs for the DXL heel measurement in order to increase the specificity, the relative specificity increased to 68%, the relative sensitivity decreased to 75% and the relative reliability (Kappa score) increased to 0.41. The data were even more discordant between the DXL heel and DEXA total hip measurements. The reliability of the DEXA total hip versus DEXA lumbar spine measurements to detect spinal osteoporosis or osteopenia was also very low (Kappa score 0.34).
Discussion
This study compared two techniques for the measurement of BMD in the diagnosis of osteoporosis and/or osteopenia: DXL heel bone measurement and DEXA total hip and lumbar spine measurements. The DXL technique is regarded as faster and more cost-effective than the DEXA technique, 14 and has no need for any special preparation so is readily suited for use in BMD scanning programmes. For predicting the risk of spinal and hip fractures, heel bone measurement is considered to be as effective as axial measurements. 9, 10, 15 The present study suggests that the DXL 16 reported relative sensitivity, specificity and Kappa scores of 80%, 82% and 0.62, respectively, for osteoporosis, whereas the best result in the present study was for the DXL heel/DEXA lumbar spine analysis in which the relative sensitivity was 50% and the Kappa score was 0.55 for osteoporosis. Due to the low specificity, especially for osteopenia, a modification of the WHO criteria 12 from -1 to -1.5 SDs was made for the DXL heel measurements. When this was applied, the specificity increased from 38% to 68%. The reason for this adjustment is because of the difference in the trabecular bone content of the heel bone compared with the lumbar spine and hip; while the heel bone comprises > 90% trabecular bone, the lumbar spine and hip only comprise 42% and 43%, respectively. 14, 17 The effects of treatment, diet and exercise are seen more rapidly in the heel bone because the turnover rate of trabecular bone is six-times faster than cortical bone. 18, 19 Pearson's correlation coefficient was used for the statistical analyses, and the correlation between the DXL heel and DEXA lumbar spine measurements was 0.63, which is acceptable. Despite this correlation, we believe that it may not be reliable as an indicator of the correct clinical diagnosis and risk assessment for osteoporosis, and may have directly affected the results. This is because the reference data for the two techniques are taken from two different populations: those for the DEXA technique were from a USA population, whereas those for the DXL technique were from Sweden. 20, 21 The present study also found an approximately 0.6 -0.8 T-score difference between the DXL heel and DEXA total hip and spine measurements, which was particularly evident in the younger women (< 50 years). The reference data, however, for DXL heel and DEXA lumbar spine T-score measurements are reported as almost identical, and DEXA total hip measurements as parallel but slightly higher. 20 The reference data for both techniques should be from one population hence, even where a good correlation exists between the techniques, its reliability is placed in doubt.
Moreover, osteopenia was over-diagnosed by the DXL heel technique compared with the DEXA technique in the present study. In order to improve the specificity of the DXL heel technique, a modification of the cut-off value may be necessary, however, until reliable data are available for both techniques from one large population, we recommend continuing to use the DEXA technique to assess BMD at sites with a high risk of fracture.
In conclusion, the DXL heel measurement is a peripheral BMD measurement technique that can be used for fast, cost-effective bone scanning. Although previous data have shown it to be a good technique in the diagnosis and assessment of osteoporosis based on BMD, we suggest that there are currently insufficient data to prove its use as a standard measurement technique for BMD. Reference data need to be collected from a larger series using both the DXL and DEXA techniques so that they can be directly compared.
